A technic is described for the determination of the in vivo pH of red blood cell hemolysates. The meanarterial redcell pH of 20 normalsubjectswas7.19 with a rangeof 7.15 to 7.22. The fiducial probability at the 0.95 levelis 7.13 to 7.25. The mean difference in pH between plasmaandcellswas0.21, with a rangeof 0.15 to 0.23.
1) ETERMINATIONS of pH and electrolyte concentration are generally performed on samples of serum in spite of the fact that metabolic and respiratory derangements are primarily intracellular phenomena. It is possible that changes in the serum may be gross and insensitive indicators of what is going in within cells. Attempts to measure intracellular changes, however, have been discouraged by the technical problems involved.
It is possible that changes in the red blood cells, which are readily accessible and abundant, may reflect changes in other cells of the body better than does the serum. With this possibility in mind, an attempt has been made in our laboratory to develop a clinically practical technic for determining the in vivo red blood cell pH.
Methods
Blood samples were obtained by inserting a Cournand needle into the brachial artery. Arterial blood was studied to avoid the variable local metabolic effects of the tissues on the acid-base equilibrium of 
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blood draining into the venous system. The samples were collected anaerobically in syringes whose walls had been coated with heparin to which sodium fluoride had been added to prevent glycolysis.* One to two drops of blood were displaced by mercury injected into the syringe. The syringe was then capped with a needle. The dead space of the needle was ifiled with blood and the needle thrust into a rubber stopper.
The blood was mixed thoroughly by agitating the syringe to prevent formation of clots and was then placed in an ice bath until centrifugation.
In preparation for centrifugation a plastic collar was placed around the plunger of the syringe.
Mercury and excess blood were expelled from the syringe until the collar fit tightly.f
The syringe tip was then occluded with a sealed needle hub, the syringe placed in a centrifuge cup, and the cup filled with water4
In this manner two syringes may be balanced for centrifugation.
The red cells were separated from the plasma by centrifugation in a refrigerated centrifuge for 15 miii. at 2000 rpm. After the plasma was aspirated, a short needle with a rubber gasket was placed on the syringe and the red cells wert transferred to a polyethylene syringe, which was adapted for this use by first removing the 22-gauge needle and applying a metal needle adaptor such as the B-D LL/SL.IT The syringle was then capped with a sealed needle hub. Strict anaerobic technic was used throughout in the handling of the blood. Polyethylene has an expansion coefficient similar to that of water. It was selected because we found that it tolerated the extreme and rapid change in temperature-from +25#{176} to -70#{176}-without cracking and because its design minimized the chance of contamination of the contents with air.
The red cells were then hemolized by plunging the sealed plastic syringe into an alcohol-Dry-Ice bath at a temperature of approximately -70#{176}.
Complete hemolysis of the cells is immediately accomplished by 'Dilute aqueous heparin (10 mg./ml.) was used. Six hundred milligrams sodium fluoride was added to each 10-mi. vial of heparin to reproduce a supersaturated solution. tCollare can be made by cutting thin sheets of plastic In sizes to fit the average length of the syringe plunger and slightly wider than the diameter of the plunger.
The plastic is then heated until it Is soft enough to mold around the plunger and held until It hardens. The caps are then reusable and will snap on and off other plungers.
*The water level must extend above the point at which the syringe plunger enters the barrel in order to prevent seepage of blood between plunger and barrel.
E. H. Wilburn Corporation, Rutherford, N. 3. By adapting a three-way metal stopcock to the bottom of the electrode it was possible to inject the hemolysate into the electrode from the lower end. This minimized chances of trapping air bubbles.
Before and after each determination the pH meter was calibrated with Bureau of Standards buffers. All determinations were made in triplicate. Results
Using the technic described above, the arterial blood of 20 normal subjects was studied. Results of the triplicate determinations agreed within 0.01 units. Determinations on different samples of blood from the same subject usually checked within 0.005 units.
The data are summarized in Table 1 . The mean pH of the red blood cell was 7.19 with a range of 7.15 to 7.22. The mean pH of plasma was 7.39, with a range of 7.36 to 7.43. These latter figures are ' We have recently begun using the Metrohn equipment including the Sans measuring chain electrode and precision compensator (Brinkmann Co., Great Neck, Long Island, N.Y.). It appears to have distinct advantages over the Cambridge instrument in respect to greater stability and more rapid response.
It also requires smaller samples of blood or red cell hemolysate per determination.
in excellent agreement with published data on the pH of normal plasma obtained from arterial blood. The mean difference between the pH of the plasma and the pH of the red cell was 0.21, with a range of 0.15 to 0.23.
Comments
It is generally accepted that the pH of the red blood cell is approximately 7.20. Figures varying between 7 .18 and 7.24 are frequently quoted in textbooks.
It would be convenient, therefore, to cite this close agreement with our data as evidence for the validity of the technic we have described.
A search of the biochemical literature, however, suggests that the basis for the value of 7.20 as the pH of the red blood cell is questionable; it appears to be nothing more than an educated guess based on manipulation of the Henderson-Hasselbaich equation
(1). It is questionable whether this equation, which describes the behavior of particles in a chemical equffibrium,
can be applied to a steady or unsteady state as complex as that which exists in the red blood cell with its multiple buffer systems. In addition, the use of the Henderson-Hasselbalch equation requires a knowledge of the solubility of CO2 in red cells, the quantity of CO2 bound in carbamino compounds of hemoglobin, and the pK of the reaction in the red cells. Although data are available from which these quantities can be calculated, much of this data was collected from the study of solutions of ox blood hemoglobin at temperatures, pH's, and ionic strengths far removed from those found in the human red blood cells.
With full recognition of the limitations of this approach, but for lack of a better method, we attempted to assess the validity of our experimental technic by calculating the pH of the red blood cells of each subject studied. The CO2 content of the red cells were calculated from the hematocrit value and the measured CO2 content of whole blood and of plasma.
The partial pressure of CO2 in the plasma was calculated from the measured pH and CO2 content. The partial pressure of CO2 in the red cells was assumed to be identical with that in the plasma. The physically dissolved CO2 of the red cell was calculated from the pCO2 and the solubility for CO2 in hemoglobin determined by the procedure of Van Slyke and Sendroy (2). The quantity of CO2 in the form of Carbamino CO2 was calculated from the data of Ferguson and Roughton (3) and the measured oxygen saturation.
The bicarbonate content of the red cells was assumed to be the CO2 content of the cells minus the sum of the phys-ically dissolved CO2 and the carb*mino CO3. On the basis of the work of Dill et at. (4), 6.05 was used as the pK1 of the reaction in the cells. The CO2 content, oxygen content, and oxygen capacity were measured by the Van Slyke-Neill manometric technic (5). The pH of the red cells calculated from these data is charted in Table 2 . The mean calculated pH of the red blood cells was 7.11. The range of calculated pH's was from 7.06 to 7.24. This calculated value of 7.11 is 0.08 units more acid than the mean measured pH of 7.19. An obvious error is introduced into the technic of measuring pH by the fact that the cells cannot be washed free of the small quantity of trapped plasma that is present after centrifugation.
The measured pH is, therefore, probably slightly higher than the true pH. It is possible that we may obtain some insight into the derangement of intracellular processes in metabolic diseases by studying pH and electrolyte changes of these readily available cells.
